This study showed a statistically significant difference between the microhardness of reparative and primary dentin at both five-and eight-week intervals. Reparative dentin from occlusal trauma is harder than reparative dentin underlying a cavity preparation at the 99% level. No statistical difference was noted in the hardness of reparative dentin underlying different materials, but trends were observed. J Dent Res 59(2): 109-115, February 1980 Introduction.
Introduction.
Dentin which is deposited after primary (mantle) dentinogenesis has been defined by Sichert as two types or kinds. Secondary dentin is deposited over the entire innercircumpulpal surface throughout the life of the tooth. Reparative dentin is deposited as a response or reaction to extensive occlusal wear, erosion, caries, and clinical operative procedures. Mj6r2 later observed and defined the preferential deposition of secondary dentin based on the nature of tubule continuity. One type of regular secondary dentin is seen over the entire pulpal surface of coronal dentin, while the other more irregular type is restricted, as to time of deposition and continuity of tubules from, or through, primary to secondary dentin. This further definition of secondary dentin allows all other dentin which appears in response to damage or destruction to be referred to as reparative dentin.
The hardness of dentin and enamel has been studied by a number of investigators using several methods. Early studies by Hodge3 evaluated various procedures to measure the hardness of tooth tissue. The tests varied from scratching, indentation, elastic impact, cutting, and permanent deformation. Most of these tests, however, destroyed the tissue, thus distorting the gradient factors of measurement. Burg4 and Richter5 reported conflicting differences of enamel hardness, carious and non-carious dentin in pregnant and non-pregnant women. Investigative studies by Gustafson6 showed that two similar indentation tests on ground tooth tissues revealed that differences in hardness may be due to specific structural characteristics of each tooth tissue, e.g. sclerosis, age, or caries. He reported that tufts and spindles are lower in density (hardness) than adjacent enamel.
More recent studies by Craig7'8 utilized the physical indentation test of "Knoop" (KHN) on ground sections of human teeth to establish trends in hardness from one tooth tissue to another. The average KHN of enamel was 343, and 68 for dentin. One study7 stated that no trends could be detected between tooth types and that no hardness differences existed from the dentin enamel junction (DEJ) to the outer enamel surface. A later study8 showed that transparent dentin had an average KHN of 80, while carious dentin had an average KHN of 25.
Other techniques of evaluation9'10 employed microradiography of tooth tissue using x-rays, noting a progressive loss of calcium in the carious lesion. Mj6r1l1 reported an increased mineral content of the calcium-hydroxide covered dentin in the surface layer of dentin exposed to the oral environment, which he felt was due to the precipitation of mineral salts. With this information, it is of clinical interest for dentists to know if the reparative dentin which forms under restorative materials will vary with the material used. Independent studies12'13 noted that the rate of human reparative dentin formation is initially highest and decreases with time; however, Stanley12 reported that the milder the insult to the tooth, the longer the period of time before reparative dentin deposition begins. Another study14 on rats reported that the deeper the cavity preparation (less 109 remaining dentin), the poorer the quality of reparative dentin. The study also reported that the KHN of dentin decreased almost linearly from the dentinoenamel junction towards the pulpo-dentinal interface, and that reparative dentin bridges which formed in pulp-capped rat incisors were less hard than the initially deposited primary dentin.
Materials and methods.
This study is based on the examination of human extracted teeth and the teeth from one rhesus (Macaca mulatta) monkey. A series of extracted human teeth containing Class V restorations of amalgam, silicates and composites, some of which had bases, were collected and preserved in a solution of water.15
The human teeth were halved with a fissure bur to expose the pulpal aspect of reparative dentin; next, the teeth were sectioned, longitudinally, through the restoration and area of reparative dentin, using a silicon carbide disc. The teeth were then embedded in Ward's Bioplastic, polished with 600 Grade abrasive paper, and finished with 1 5p alumina compound.
Class V cavities were placed on the noncarious buccal surface of rhesus monkey teeth at a standard depth of approximately 0.5 millimeters of remaining dentin with a high speed turbine (250,000 RPM) with water and air spray, using a new #35 carbide inverted cone bur. The Three areas of dentin were selected for KHN testing on each tooth sample. A series of six indentation KHN tests were made in each of the three areas. The three areas of dentin tested were primary dentin uncut by the preparation, remaining dentin lying directly under the restoration, and reparative dentin formed due to the restorative procedures. In a few of the monkey teeth, reparative dentin which had formed due to occlusal irritation was also tested for KHN. reparative dentin, when compared with uncut primary dentin in the same tooth. The uncut primary dentin showed the hardest KHN.
In most of the human teeth examined, there was discoloration of the dentin under the restorative materials (Fig. 1) . This was especially true of teeth restored with amalgam. The area of discolored dentin followed the course of the dentinal tubules from the restorative material through the remaining dentin to the pulp. In some cases the reparative dentin itself was discolored and looked as if it had picked up products from the restorative material. None of the monkey teeth examined showed any sign of discoloration. Due to the restorative procedure, the area of the pulp where reparative dentin formed was limited to the area adjacent to dentin whose tubules had been cut by the cavity preparation.
KHN of monkey dentin. - The results of Knoop microhardness testing on monkey teeth may be seen in Table III . The total cumulative means for all compounds show a difference in KHN between the remaining dentin under restorations and reparative dentin, when compared with uncut primary dentin in the same tooth. In 17 of 22 teeth, the KHN of uncut dentin was higher than the KHN of remaining dentin. In each specimen the KHN of the reparative dentin was considerably less than that for either uncut or remaining dentin. Those five teeth in which the occlusal remaining dentin was measured always showed a higher (harder) reading than reparative dentin in the same tooth; however, the occlusal dentin was always lower (softer) than either the remaining or uncut dentin. The difference in hardness when comparing uncut dentin and remaining dentin under restorations in monkey teeth was not statistically significant, as seen in Table IV . A significant difference in hardness was found (Table V) when uncut dentin was compared with both types of reparative dentin in monkey teeth. The hardness of reparative dentin, formed from occlusal irritation, was found to be significantly harder than the reparative dentin formed due to restorative procedures.
Discussion.
Many of the previous studiesl'7 '9'17 have stated that the hardness of dentin under a filling is of a different hardness than other dentin. However, many of these authors have not attempted to elaborate on these correlations, i.e., density of remaining dentin, reparative dentin, dentin bridge formation, or changes in hardness of dentin as a factor of time. Microradiographic studies by Skogedal10 showed a decreased microdensity in remaining dentin, while Mjdr11 reported an increased microdensity under the dentinal tubules of the remaining dentin with a calcium hydroxide material.
A microhardness study by Fusayama, 18 however, showed no difference in the hardness of root dentin with root canals filled with calcium hydroxide, or of those teeth with root canals left open to the oral environment. In deference to MjVr's'1 study, Fusayama18 reported that the inner dentin (pulp) walls, or open pulps, neither softened nor became harder when the cavity was filled with calcium hydroxide. Microhardness tests by Luostarinen14 showed that reparative dentin formed after trauma was less hard than secondary dentin of control teeth. Our laboratory studies (Avery19) agree with Luostarinen that when a dentin bridge is initially formed, the initial matrix is deposited at such a fast rate that its mineralization phase is less complete; however, no KHN correlation has ever been studied of either new dentin bridge formation or reparative dentin over a period of time (reflected in thickness). Our results suggest that, as either the dentin bridge or reparative dentin becomes thicker, it increases in KHN. Perhaps a more definitive measurement would be to utilize the microanalytical techniques of Takuma,2 0 in which he reported an increased concentration of sulfur in rat osteodentin interfibrillar ground substance over that found in normal dentin matrix.
Conclusions.
The microhardness results in this study have shown conclusively that reparative dentin formed as a result of the various restorative proceduires is less hard than the primary dentin in the same tooth. The decrease in KHN of the remaining dentin under restorations in human teeth, compared to their adjacent primary dentin, may be due to the fact that the human teeth were carious to begin with. A small and insignificant decrease in KHN of the remaining dentin under the restorations in the monkey teeth, as compared with the primary dentin, was observed. This may indicate that the restorative materials tested did not affect the KHN of the remaining dentin under them, although the five-and eight-week periods that the restorations were present in the teeth may not have been long enough to produce a change in hardness. The method of testing KHN and the small sample size used may not have made it possible to determine a small but significant change in hardness.
This experiment was not able to show any significant difference in the hardness of reparative dentin formed under different restorative materials; however, this may be due to the method of testing and sample size. It is also possible that the method of cavity preparation is the main factor determining the quality of reparative dentin formed. This may overshadow any effect caused by the restorative material.
Discoloration of dentin under restorations in human teeth, but not in monkey teeth, may be due to the presence of the restoration in the human teeth for a longer period of time. All of the human teeth were stored in a solution of glycerin and alcohol, while the monkey teeth were not. This may also be a factor affecting discoloration.
